METHOD AND APPARATUS FOR APPLYING 
VISCOUS MEDIUM ONTO A SUBSTRATE 

Technical field of the invention 

The present invention generally relates to the field 
of providing substrates with viscous medium. More spe- 
cifically, the invention relates to a method of applying 
5 a viscous medium on a substrate, said method comprising 
the step of screen printing predetermined amounts of the 
viscous medium on predetermined positions on the sub- 
strate; an apparatus for application of a viscous medium 
p onto a substrate, said apparatus comprising a screen 

10 printer for screen printing predetermined amounts of the 
□ viscous medium on predetermined positions on the sub- 

\2 strate; and an apparatus for application of additional 

I:? I 

i.p viscous medium onto a screen printed substrate. 

i;2 1 5 Background of the invention 

The most common method of applying viscous medium, 
such as solder paste, to a substrate, such as a PCB, in 
p electronics production is by using screen printing. The 

vast majority of viscous medium deposits can be applied 

2 0 by this method. However, in specific circumstances there 

is a need for different viscous mediums at different lo- 
cations on the substrate. This poses a problem, since 
there are a number of difficulties to overcome when add- 
ing viscous medium by performing an extra screen printing 
25 procedure, after an initial application of viscous me- 
dium. Further, it is sometimes desired to produce pat- 
terns of viscous medium that are very difficult to 
achieve through screen printing, such as the pattern of 
an unfilled circle. 

3 0 It can also be desired that the applied viscous me- 

dium presents different heights at different positions on 
the substrate in order to accommodate, e.g., chip compo- 
nents having different heights, components having differ- 
ent lead angle accuracy, or co-planarity requirements. A 
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solution to the latter problem that has been suggested in 
the art is to use so called stepped stencils for the 
screen printing. However, these stencils present a number 
of drawbacks that have prevented widespread use of this 
5 solution. 

Also, the application of very small deposits, pri- 
marily circular, i.e. dots, of viscous medium is not pos- 
sible to obtain through screen printing, since the adhe- 
sion forces from the stencil would become to great in 

10 comparison to the adhesion forces from the substrate. As 
a consequence, very small deposits would attach to and 
follow the stencil when the stencil is removed. It could 
be imagined that this problem is overcome by using a 
thinner stencil. However, that would have undesired draw- 

15 backs in that it would result in an overall decrease of 
the height of the deposits, and thus the overall volume, 
which is undesired and would pose a problem for larger 
deposits . 

According to the state of the art, efforts have been 
2 0 made to solve the above stated problems by using a con- 
ventional dispensing equipment. By using a conventional 
dispenser it is possible to add viscous medium following 
an initial screen printing of the substrate for producing 
said patterns of viscous medium that are not easily 

2 5 achieved through screen printing. With a conventional 

dispenser it can also be possible to apply viscous medium 
having a different height at different locations on the 
board. However, the conventional dispensers have a number 
of disadvantages. The process of conventional dispensing 
30 of viscous medium is relatively slow, the application of 
very small deposits of viscous medium through conven- 
tional dispensing is difficult, and it is also difficult 
to apply additional viscous medium onto a location on the 
substrate that has already been provided with viscous me- 

3 5 dium. 
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Summary of the invention 

Thus, an object of the present invention is to pro- 
vide a solution to the above stated problems in relation 
to the application of additional viscous medium to a sub- 
5 strate that already has been subject to initial applica- 
tion of viscous medium through screen printing. 

This and other objects are achieved according to the 
present invention by providing a method and an apparatus 
as described below. 

10 According to a first aspect of the invention, there 

is provided a method of applying viscous medium on a sub- 
strate, comprising the steps of screen printing predeter- 
mined amounts of the viscous medium on predetermined po- 
sitions on the substrate, and add-on jetting of predeter- 

15 mined additional amounts of viscous medium on predeter- 
mined positions on the screen printed substrate. 

According to a second aspect of the invention, there 
is provided an apparatus for application of a viscous me- 
dium onto a substrate, comprising a screen printer for 

20 screen printing predetermined amounts of the viscous me- 
dium on predetermined positions on the substrate, and a 
jetting device for jetting predetermined additional 
amounts of viscous medium on predetermined positions on 
the screen printed substrate. 

25 According to a third aspect of the invention, there 

is provided an apparatus for application of additional 
viscous medium onto a screen printed substrate, compris- 
ing a jetting device for jetting said additional amounts 
of viscous medium on predetermined positions on the sub- 

30 strate. 

According to a fourth aspect of the invention, there 
is provided a method of applying viscous medium on a sub- 
strate comprising the steps of screen printing viscous 
medium onto the substrate, and jetting additional viscous 
3 5 medium onto the substrate. 

According to a fifth aspect of the invention, there 
is provided a method of applying additional viscous me- 
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dium on a screen printed substrate, comprising the step 
of jetting additional viscous medium onto the sub- 
strate . 

For the purposes of this application, it is to be 
noted that the term ^'viscous medium" should be inter- 
preted as solder paste, flux, adhesive, conductive adhe- 
sive, or any other kind of medium used for fastening com- 
ponents on a substrate, or resistive paste; and that the 
term "substrate" should be interpreted as a printed cir- 
cuit board (PCB) , a substrate for ball grid arrays (BGA) , 
chip scale packages (CSP) , quad flat packages (QFP) , and 
flip-chips or the like. It is also to be noted that the 
term "jetting" should be interpreted as a non-contact 
dispensing process that utilises a fluid jet to form and 
shoot droplets of a viscous medium from a jet nozzle onto 
a substrate, e.g. as described in the published Interna- 
tional Application WO 99/64167, as compared to a contact 
dispensing process, such as "fluid wetting", which is the 
act of the viscous medium leaving the dispense tip, con- 
tacting and clinging to the substrate and remaining on 
the substrate as the dispense tip pulls away. Further, 
the term "add-on" refers herein to the application of ad- 
ditional viscous medium, i.e. not the initial applica- 
tion. 

Thus, the present invention is based on the advanta- 
geous idea of using add-on jetting for the application of 
additional viscous medium onto a substrate onto which 
viscous medium previously has been applied through screen 
printing. 

The use of jetting overcomes a number of the above 
stated problems relating to screen printing. First, jet- 
ting enables the application of viscous medium of a dif- 
ferent type or sort than what has been initially applied. 
The use of jetting also enables the application of vis- 
cous medium in any desired pattern, which is not possible 
through screen printing. The application of viscous me- 
dium of varying height is also achievable through jet- 
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ting. Also, jetting is advantageous to conventional dis- 
pensing in that it is faster, more accurate, and more 
flexible. In fact, the use of conventional dispensing of- 
ten provide a bottle neck that increases the cycle time 
in the overall component mounting process, as compared to 
the use of jetting. It has also been found that it is 
possible to achieve smaller dots when using jetting than 
when using conventional dispensing. 

Further, one of the main advantages obtained by us- 
ing jetting for applying additional viscous medium onto a 
screen printed substrate, is that it is possible to apply 
viscous medium at positions where viscous medium already 
has been applied. Thereby, it will be possible to easily 
increase the height of the applied viscous medium at a 
specific location without any danger of the nozzle of the 
jetting device being smeared by the viscous medium al- 
ready applied on the substrate. 

According to a specific embodiment of the present 
invention, the results of the application of viscous me- 
dium onto the substrate is inspected, errors of the ap- 
plication is determined based on said inspection, and at 
least some of said errors are corrected, wherein said 
correction comprises jetting of additional viscous medium 
onto the substrate. This means that not only the prede- 
termined additional amounts of viscous medium is applied 
onto the substrate through jetting, but also any addi- 
tional amount of viscous medium that is determined to be 
required as a result of errors in the regular viscous me- 
dium application. 

Said inspection can be performed between the screen 
printing and the add-on jetting of viscous medium, fol- 
lowing the add-on jetting of viscous medium, or both. If 
the inspection is performed between the screen printing 
and the add-on jetting, the predetermined add-on jetting 
can be combined with the correction jetting, either by 
determining the positions where jetting is required and 
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the amount, or by performing the add-on jetting and the 
jetting correction in sequence. 

Preferably, a single jetting device performs both 
the add-on jetting and the jetting correction, which de- 
5 creases the physical complexity of the system. Alterna- 
tively, this is performed by a separate jetting device. 

When the inspection is performed following the add- 
on jetting only, the correction can be performed in a 
separate machine. This decreases the cycle time for the 
10 overall viscous medium application process, but increases 
the line length. If a separate machine is used for the 
jetting correction, the inspection, evaluation and deter- 
mination of errors is preferably, but not necessarily, 
p performed in the same machine . 

j'^ 15 According to a further embodiment of the invention, 

iH the correction of applied viscous medium also comprises 

^- the removal of surplus viscous medium. Preferably, this 

Q is performed at specific locations on the substrate only, 

y at which the inspection has revealed that too much vis- 

2 0 cous medium has been applied- This can refer to the 

amount of viscous medium for a given location, the height 
of the applied viscous medium, the applied viscous medium 
being offset from the intended position, or that viscous 
medium has been applied at a position where it was not 
2 5 supposed to. 

According to a further embodiment of the present in- 
vention, following the inspection of a substrate, an 
evaluation is performed to determine whether the number 
or the severity of detected errors are such that correc- 
30 tion of applied viscous medium is worthwhile. Such an 

evaluation can be performed regardless of whether the in- 
spection is performed before or after the add-on jetting 
of additional viscous medium. That is, if there are a 
large number of corrective actions required, then it 
35 might be more economical to simply discard the substrate. 
This is of course dependent on the type of substrate and 
the cost involved for the substrate. If correction is not 
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deemed worthwhile, the substrate is preferably cleaned 
from any applied viscous medium and reused. On the other 
hand, if cleaning the substrate is not considered eco- 
nomical, the substrate is preferably discarded. 

It should be noted that the screen printing and the 
subsequent jetting of viscous medium is for the purposes 
of this application not limited to the use of one viscous 
medium for both the screen printing and the jetting. Con- 
sequently, a number of different types and sorts of vis- 
cous medium can be used. For instance, the screen print- 
ing is performed for a viscous medium, then add-on jet- 
ting of another viscous medium is performed. Addition- 
ally, the subsequent jetting, the add-on jetting and/or 
the correction jetting, can be performed in sequences 
with different sorts of viscous medium. Then, more than 
one jetting device is preferably used to avoid unwanted 
mixing of the different viscous medium and/or to avoid 
increased cycle time due to change of the viscous medium 
supply and possible cleaning of the jetting device. 

The above mentioned and other aspects, advantages, 
and features of the invention will be more fully under- 
stood from the following description of exemplifying em- 
bodiments thereof. 

Brief description of the drawings 

Exemplifying embodiments of the invention will be 
described below with reference to the accompanying draw- 
ings, in which: 

Figs 1-3 are block diagrams illustrating arrange- 
ments according to alternative embodiments of the present 
invention; and 

Figs 4-6 illustrate in flow chart form the alterna- 
tive embodiments shown in Figs 1-3. 

Detailed description of preferred embodiments 

In the block diagrams of Figs 1-3, the thick-lined 
arrows depict the movement of a substrate 1 through the 
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production line. The dashed boxes simply indicate that 
the device (s) or apparatus (es) depicted within the box 
can be incorporated in a single machine. 

With reference to Figs 1-6/ there are illustrated 
exemplary embodiments of the present invention. As to the 
specific apparatuses used for screen printing, jetting, 
inspection of application results, removing solder paste, 
and component mounting, use can be made of suitable appa- 
ratuses which by themselves are known within the art, and 
the constructional features of which are also known. 
Therefore, detailed constructional and functional de- 
scription of each separate apparatus have been omitted. 
Furthermore, the viscous medium of the description of ex- 
emplary embodiments below is solder paste. However, the 
invention is not restricted to using solder paste. On the 
contrary, any type of viscous medium can be used. 

Turning first to Figs 1 and 4, there is shown a 
first exemplary embodiment of the present invention. A 
substrate 1 is at step 100 transferred to a screen 
printer 12 where an initial application of solder paste 
is performed, at step 102. Then, the substrate 1 is 
transferred at step 104 to a machine 16 for performing 
add-on jetting of additional amounts of solder paste, at 
step 106. The amounts, patterns, heights, type of solder 
paste, etc., that is added onto the substrate 1 is prede- 
termined. Thus, there is no inspection if the screen 
printing results performed prior to the jetting of addi- 
tional solder paste. Following the add-on jetting step, 
the substrate 1 is at step 108 transferred to a component 
mounting machine 18, where electrical components are 
mounted on the substrate 1 . As an alternative, there may 
be included a step of inspecting the final results of the 
combined solder paste application, i.e. both the screen 
printing and the add-on jetting. 

With reference now to Figs 2 and 5, there is shown 
another exemplary embodiment of the present invention. 
This embodiment also includes an inspection device 14 
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provided for inspection of the screen printing results. 
Following the transfer of the substrate to the screen 
printer at step 200 and the screen printing at step 202, 
the substrate is at step 2 04 transferred to the inspec- 
tion device 14 that performs the inspection at step 206. 
The results of the inspection is recorded and relayed to 
the device 16' for performing the add-on jetting. With 
the information as to the results of said inspection, 
the jetting device 16' can also perform any required jet- 
ting of additional solder paste onto positions on the 
substrate where insufficient amounts have been applied 
due to some error in the initial screen printing. Thus, 
the jetting device 16' is a combined add-on jetting and 
correction device 16' . Further, according to this embodi- 
ment, the add-on jetting and correction device 16' can 
also comprise a device for removing amounts of solder 
paste from the substrate. According to this embodiment, 
the removal is perfor med tta rough suction of the solder 
paste at the selected position of the substrate. If the 
inspection reveals that correction of the substrate 1 is 
not worthwhile, the substrate 1 is passed by the add-on 
jetting and correction device 16' without any measures 
taking place. Then, the substrate 1 is simply taken out 
of the production line before reaching the component 
mounting machine 18. 

The inspection device 14 is preferably incorporated 
in the same machine as the add-on jetting and correction 
device 16', thus forming a combined inspection and cor- 
rection machine 15. Then, the inspection device 14 could 
be used to inspect the result of the add-on jetting to 
further minimise the application errors on the substrate. 
However, the inspection device 14 can naturally also be a 
separate machine . 

Following the correction and add-on jetting, at step 
208, the substrate is transferred to the component mount- 
ing machine 18, at step 210. 
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Finally, the block diagram of Fig. 3 and the flow 
chart of Fig. 6 illustrate yet another exemplary embodi- 
ment of the present invention. Here, the screen printer 
12 and the inspection device 14 is incorporated in a sin- 
gle machine 10. Following the screen printing of the sub- 
strate 1 and the subsequent inspection of the screen 
printing results in the combined screen printing and in- 
spection machine 10, at steps 300-304, the substrate 1 is 
transferred to an add-on jetting and correction device 
16' . The add-on jetting and correction device 16' have 
the similar features as do the corresponding device 16' 
of Fig. 2. When the substrate enters the add-on jetting 
and correction device 16', said device 16' has received 
information as to the required corrections, if any, to be 
performed on the substrate 1. The additional solder paste 
is then added and any application errors corrected, at 
step 308, and the substrate 1 is transferred at step 310 
to the component mounting machine 18. Again, if the in- 
spection reveals that the substrate 1 is provided with a 
number of errors resulting from the screen printing, and 
that correction is deemed not to be worthwhile, the sub- 
strate 1 is taken out of the production line. In this em- 
bodiment, this is performed before the substrate 1 
reaches the add-on jetting and correction device .16' . 

As is understood by the man skilled in the art, the 
above-mentioned steps would require a certain amount of 
processing, transferring and evaluating information. 
This, however, can be performed by a conventional 
processor which is not shown or further described. 

Even though the invention has been described above 
using exemplifying embodiments thereof, alterations, 
modifications and combinations thereof, as understood by 
those skilled in the art, may be made within the scope of 
the invention, which is defined by the accompanying 
claims . 
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